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ABSTRACT : PROBLEM TO BE SOLVED: To provide a lead-free solder alloy, solder powder, solder 
paste, a printed circuit board, and electronic parts and further, provide a leadfree 
substitute solder and reduce the melting temperature of the solder. 



SOLUTION: The solder alloy is composed of 0.5-60 wt.% of bismuth, 0.5-50 wt.% of 
indium, 1 -5 wt.% of silver, and the rest of tin. 
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A^>ffllftJt*Ji. Sn : *WO.Qttfif<— bVK Bi : 
Ofirfi' <~t >' I- . J n : ift 5. Ofift' \'~ > 1- T 
A*. <fc ~> "C . {.i/v^^^.)*IlS;it^2r±ie^J: -3 tlx 

[ 0 0 5 9 ] ft, ±IC<7JS n . B i , I nCJfflfltlttiy 
uti,. 4Hfl*Jfc«>»£ "*■>" t v > '3 II£ ft L 
WX*f3-& (KB**) S n . B i iZti^X 

(i ± 1 fifi' <~ fc > h , 1 n tcfc i >T ti: ± 0. 1 ffifi ' <— 

•t > h commit ttxhtmfez n ttz. ±s&<mm 

[ o o 6 o ] kwc, m3*m^x*5mmt>m~>fcWi 
■BMucwcBwrr*. msiz. sn-Bi-i n= 

7t£igkte&fc£&lzMlX . Sn. Bi. lviUm<T)£ 
Wom £ iSsfln I { iX*f-&£ £ im L , * 0>»tt K o V > 

ffit LXm ( A g ) iiffiiS ( Z n ) im^tMz:^ IX 

[006 1] Sn-Bi-1 n =7&HTOXJ?^ftfc:*t 

uas, zn* g?.ja L^^i-a . imm 2 1 »wt«w 

2 2t^$il& J; it, A g , Z ncOSsJofi* 1 ' 5.0fifi 
f v — tr > 1- tJLtC0B#{i#^A f S^fi £ J8fc S * < =5r 
-&„ U^St, Ag. ZncOSfcljafi# 1.0t|rt-ty 

[ 0 0 6 2] m&i t z&\,*xi t ±fflm^-f±x<7.m 
mmct^^xmmis.^mjiLxt5 0 , i -0T123 t^-r 

gUSfcS&m/M Sn. Bi, I nH7C«B%{i/u5t'^^CM 
LTAg, Z n £SsOn L -fcflMM)liil*f£&fc:*jl> »T t 

[0063] x->x. mmms-i. 3-2ioK$fi&j:5 

fcl. Ag. Znnma&tfl.O 0±Tfr-1 5.0*}H^ffi 
&ib£1T^&^7t'-£&ti, £T BCi3V»T 31 

06jl£ £*:I13J:9. B i &tf I iKO-firtf 

Sii, HUieL^lll<7:)i^SSSi:ll2<7jiie!^^mi:2r^ 

&„ BPt>, B i <O-&Wftti60.0Mfiv\'— O'h&ttx.ft 
v ^Wfi: t Sr -> T *3 9 , 0»O I n (O^WSti50. OM' < 

9_tfB<7):t3i?£* t. Bi £60.0fifi.K— fc 
>- 1- £ Mt^ t I In £50. <M*/*~fc >' h 

ttmz. \> ^HM. tt. A g & £UZ n £ 1 . Ofifty n- 
-t >• h tiJit-5.0 >- h MncD^&t I . M 

tcSES* S n t L -feiffllKfc -T ttcj; 0 . &A,tfffil 
t LX iM Ltc.Vfft.tt~$-h\S./azi5±Z: %h r t tfX'Z 

[0064]^. H3 C^-rSCBJtfcv ^X\±, S n - B 

i - i n=7cS*(i^*^fccaanr1-4A«««k L"C 

Ag. ZnJilfflUMBUoA { . Ag. Znfcfti 



X'f)V7-^Jx (Ge ) . tfi)+7l* (Ga) ^h^P.TC 
Sj£^U L T h X < . 4n:*4K7aBT , *>* '3/v ( P ) 

*■ Mn l-c tia 3 t^-rwiit mt i tzimz%& z t 

[ 0 0 6 5 ] 5gC: . 11 3 IZTK-iWSktZti t >T (i S n - B 
i - I nHTESWW^C^ACAWHJHfc UTyft 
>• ( S b ) £i£fln Lt^iv >, i f.) S b 2r*T§»p-T Sib 

t-. s n - p b a *,*{zftthtm.<rm±%wi\&ftm 

■ WiSkimaL-th* P b t B i A : ff(9ti--5.*f ft£^f> 

irjliflSt £ (J&jfcT & 1 1 « . SPfntS ^-^flffltti^N^t 
■m\X'b&. £tz. iWSSb^llttt. 1.0—5. 

o «fi.' t > i-co^ffltc-r h z. t tjtmt l < . ^<7M 

[ 0 0 6 6 ] ig^vC. S n , Ag, B i J: Oflt 
t±X,rtf ^t:oi >T f ymt h ... 

[0067] H4ti S n .. Ag, i £^$-tt/c 

ralf-m . SJW?.£^K®1 LT*«>fcKiMt* £* L T v > 
h, ft, H4(o^SiL€.^^£*^^(c^L, 

■B£a*if fetawifeatAwaiasjiii . riuie l ^ m 1 ji? 

[oo6S]ifc, ii nmm s tas L^#i»^m t 
tetmsmztm L^iS*£^ l-c*5 d . n/wstmfc 

[0069] set, *K«t:*iV-»-cti. iiX^4ft& L 

xmmx'zzmmtix. (i> ^inefejm^s/a^ mt 

T. (2) WVmtfi.O %&±X\ ^o<3) It*// 220r- 
y.TTS> %>Z.bt Ltz . cOS^Ji . luie UcSn, B 

[0070] Cixti, jfi^^m^r^Hc7)^1«-fLt#i V 

•Tl> S n . A g . Bii 0tgfi!t$ix-&ti/u^^:{±wO 
«k -3 ^^*t^-r^C i £ @ Wt LT f^$il^i><7) 

[0071] m4(r>mk&mz^xi%m-t&. 

[0072] H4ti. Sn — Ag — B i Ejt&£klZA,tz 
HiMzM L X A g <o-£3-;fi £ 4- ^> y « — 5£ t * ^> i 5 
tIS5EL^±T'. B i 0^baa£r^;ft$-ti:/^(i/L^f^-^: 
?)#'#1££*l-Ci>&. 

[0073] IBIH i 0 . Wfm&izm IX liSn, A 
g. B i J; *)ffif8.Zi\&UA,tz'&&l*. ^M0>J4-1~4 
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-(>-C'5n * it £ *£4t««ifcute v >T Jit £ ffifz IX^ & 

z>imz>, ia>uz, wm/asx-htiums o. 

S ii t B i fcOZJH**JiXZf^A-CA*JtttW3 1 . 
fttf S n L A g DZjcAAttAJ? ^t^ftJtKM 3 
2^)&3M/£fttt(i. S ri , A g . B i J: WSfiJtSit 
&^Afc^ciL / N-C(KTLTi:i')^ffl$riKJ£LT^ 

[0074] jtfc. frtflPCHL Tli. ISJUlCTSi-^X 

aaMt^wtti^fffc & h w m/mai&T-i'Z-, mm * * 

■f ., ±15 L fc J: :> (C . S n . A g , B i i ') f Sfiic $ it & 

LTfc 0 . j: ~>xmMm4-i^4^m^\%mmim 

iztt I Tffit Hit =5: -.TV , |gC . Hb£(c£tvc i> . 
•?>... tt(C. £tfcM4-l-^ 4-6«l 3 9'C- 2 2 0'C^ic 

m) e?>9m&&<7>m9l-$:m 8 3rct LTWIJHi/l*:^ 
IIjifc&ffritfxT v . L (c . Hi/cTti: Sn- P b J; 
9 * 4. 4T JMi/lrfftcfit 3 *Mg 5r i£fln-f & ^ i: iz X 0 «X 
£3>lljft&HSE-f S d t tfftbi iXti ») . 2 2 0 

2 2 0^aKBWBfe^iS:^r-r&*StM4-l~4-6Sriaa 
t (c J: 0 . 3l^&£*)^«&#&tiA*:£ 

a wt;j5 lt asj£ lt ffiffl-r -r t ^figt & h , 
ioo75]4fc, wrr^riataB-r* t . wmmt 
mfmzvcmthtdth. nsfeFM-i-4 -e^Kwieism 

ttttit«W3 0 — 3 2£*fLTt£v>(Ifc3:-.>T^6. L 

±ibl^j: >Azmm4-\^4^\&\?m&<r> 

tt\?L<7)imXh <0 , £ fe«E«D«a<O«[Wt,«C30sec-67 
Osec fc tt,Uf£&£ ffl v v ^T ^^^11 1 tc h 

flT'f±&V\ 

[ o o 7 6 1 4*;, ®wwmmz&Bi-& t , mmam 

eyUtm*. LvriK _hie<5DJ: 3tSn, A g , B i J; 0 
mfc%i\MtA,tz^±i±&v^\W3mttft£%Z>Zk z 

<,zmmm&wmmimx'$>^xi>mzfs\Mb*z>zt 

C 0 0 7 7 ] H4 DHflft££& 4 i:tf>* fc . SI*tM4 -1 
— 4-6^7* £it& Sn, Ag. B i X 
t£S&lt. mm3 0-3 2T*$itSftofflfi£^W-r 
£f* B B H J4/Wfl^&C#l,T . ffi»T^«^gi3g56iKW« 

^3mi / zmv>x>*>2>i&m&mftx'm*<?mizizm?2> 

(cjEtT(i^i#ttiSS^5E<^e*S^f6l±-r^ c t 



fiSfc^-^, 9Ett(H4-l-^4-6(3i%£ii&Sn. A 

g. b i <rmtiiitz$zmiiWztmt& t , su. Ag, 

B i ^^liK^.JlflBJcltti. 7E?i'< X^ffi* Oi X<100 i: 
L Jt*^, S ri r > \ (100-X)/100iBM^*— 
-fc> K Ag^Ki 3.5.' (100-X)/100fiffiy<— t 
> h . B i m&' fe > h fc L T^nf CI i: 

tfX'$&» £-.>X. imx<rMZm%.T£'fei- &Zblz£ 

v ^ISBSK 6 - ^T' § & . 
[0078]^. ^IM5IJ4-l(ilS*Jli 1 0 IZ . ^(?|J4 
-2«IS*Ja 1 It. H5g(?iJ4-3{ilS?f<JBl 2C HifeiyiJ 

4 -4i±ts*xp! i3t, hm^ij 4 -5mmm 1 4 tc .^js 

(?ij4-G(i:M*3ll 5tc^/?*TlELTv^, «V«T. ±IB 
[ 0 0 7 9 3 135 (i. ±ELfc#I^^A«rffiV>Tli 

A,tz?m*Bfc Ltzmmm&Tf: lt ^* , in 5 ( a > 

H. HI L^»S(?iJ 1 -1— 1 -5RX/m 2 <Ctk L/cH 
J6W2-1, 2-2CXZ/utz -^#2rffiS2 0—6 0x/rn<7)jf 

fc 1 4 - "4: iz X *) ki.A,tmttWm. L tz L COT* 

I. , i/c. 15 (B)li. H3(C7KL^^*t6f?!l3-l. 3 
-2^U^^kfrKS 2 0 — 6 o m m<rMt*BVik?& 
Z tizJ: *) ^i^ii^5N Sr ©nSS L 7t t ^T'#> & . Stc . 13 
5 (c) li. 04C7nL3t**g^!l4-l~4-6«^)(i/u7Xf^- 
A*ilg2 0 — 6 Ou mfftmmViti-h Z b izX 
A.tSffii*JBflL ttz t <?)X'h h , 

[0 0S0] ifc. 15 (D) (i. ^U;3nL^5IM0y 
i-i-i SRXfffl 2 jctk LicSllfe^l 2 -l . 2 -2*;>li/L*: 
^15j v *<0*ffi{C. S n i, L < U G e ar 0. 1— 5. Q£l 
1>' hli^-^^*^ -ydf LT . ^*«IIS*<2 0 

-6 oum<?mmmt itzm^AiA,rm^^tx 

[008 1] *fz. m5 ( E ) {±. HS^L^SfcpiJ 
3-1. 3-2W(^/i^^*^]a(c. SntL<(iG 
ear 0.1— 5. OSS'*—- fe>' ^^$-^< y L 
T , £ftcDitt@# 20~6 0/i n. O^Mc^K t Lfc«lK 
^«A^*ar^ LT . 

[ 0 0 S 2 ] Htc, H 5 ( F ) it . H4 tc^ LfcSlttM 
4 -1- 4 -6c7)(i^7^'^•^^5|;<7.)^ci(c . S ri t L < (i G 
ear 0.1- S-Ofifi^N-— fe^h^-t*^*^ v^f L 
T . ^flu^ttS^ 2 0-6 0xim crMmm t LfeWlS 
<7J(i:^7 v ^5^;^r7S LT V »4 , 

COOS 3] 4rc. 15 (G) it. 12 1 tzyn LtzMMM 

i-i-i -5st/n 2 iztjk Ltzmmm 2-1. 2 -2^>i^/z 

&&®5fccomMlZ, 20. QB&rt—k V V ar^i. & S n t 
(C.0mS.K— b>l^iSx.^ : (,»h'X-7X (B i ) r 
-^•2> * •> * LT . £Wff)W&tf 2 0 — 6 0 m mO 
«l*J^«t L £zffli&Lcr)it^z¥n3z ar 7jt LT V>4. 

[ 0 0 s 4 ] 4 it . h 5 (H)ii itzmmm 

3-1,3 ^^li/u^M^IW: . 20. om&y x*— t 
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>- 1- 1' Ml h S n k GO. Offift' «~fc > b 2rjtSi.&v> t'X 

0—6 0 /< inattfrj&ttl: L lKe>(i>(,£ffi3&*; L 

[ 0 0 8 5 3 Rfc. H5 ( I ) 14. 114 tC^L,3t*it« 
4 -1—4 -^)J4/w/c*^^>*^M(C . 20.0Mfi.^— fc 
> h S n ktti.OM&'S— t > h SrMx$v>t"X 

7.XB i ar i-W-r^^Sr^ £fcatt&A<2 
0 — 6 O/tmOJXffcJ&Rj: L^3^mfiJt^:>^/C^j?K$:^ L 
TV>&. 

[0086] _L£LJfc*§yfcW>J: '3 £ . 
ft&fiff 2 0—6 0/tm«©**t1-S d fcfcj: ') . ZO 

#6, 04 <d) - < i ) tz^itzmmmao 

(c, <4/v/i£:£'5rSn. £>L<(4Ge£ O.l— 5.0ffifi 
fc> hGt §5^4420. Ofig'<—t:> FSriS 
iSS n k 60. Ofift' te > l- l > t'X "7 X B i 

igft & i^ih -r h z k tfx' * , hajzi— x i- <7)fifif± & 
ft±z&&zkwx'%&« 

[ 0 0 S 7 ] «irvt . ±IBL^*«^^*^fflt>^:{4 

fflwa4/U:^-X h&fttW**^ *»W««Kfl! 
f {4(1)80.0 — 95.0SJfc> <— b > l-^S-WftSr^l" &J4 
/w7t"^*i: . LT20.0- 5.0Mbf— tyhOt 

ir4£*nr& T S y^nyyt&k&mTJl-a-fl-knft 

^ttmk^m^mk^m-^LrcM. i£ni4(2)so.o - 
*t 1x20.0- 5.0Mb*-- tvy<7y£^m.tt-rh^ 

[ .0 0 8 8 ] 4 * te/Cfc'^tCiS &t h 7 5 >7 vo y 

is, ^y^f-yi'Tsyial^. ^fA'TSJiaBi. 

n - 7"f-./l^T 5 >'»ai#g , 0 - X +IV t H 7 ^ > JfilS 
ffi, XfHTS >'*B§la. i^o^^/UJftlgJg. 2- 
75/ if/^n 5 F JU8H . h 'J - n — 7'^-4 7* 5 >' 

[00S9] i^:. JdX/a»5|Efc«^-**li»fc IT 
(4. > A»7i?. -7D>t. 3^715, yMMSL. T : J 

tr>l£. tvj>-it, ^y>«, r-t'^jym, -fe'< 
^>K. -zujym, iW5m. ^mmm. mm, tFo 

7oW>t. 73-'J y?S£. ;\VJ-/;7 

IS. ^7°a>i5. x-h> fiyjym. ^lyj/i 
M, S 'J Xf-ym. 'VI- 5. f > K. Xf 7 'J >-ss#* f iT 

[0090] B6MUhlEL£B 1 3 {C^$ft-5.(4 



MaM^Tjk I X ±5 ') . 47tH 7 (4±I5 L K:H 4 C^Sii 
£ *±>Wf&* 1- ffl fc liX^^f®* £ ffl t ">^{4 X^f ^- x 

[ 0 0 9 1 ] ±12 L tz t $ > v >-'> ia»£v >(4^TH3»i± 

IS. ft l ; 'ort'if >1, a -Til t"^yj-— HW&M 

h \><F>Xh 0 , ft'^ttT'&&5£ffct v>1^€ri®ffli- 

h&2-A 2, 4 isx-iimzmm-t&z 

k1rX%h> 

[0092] ±l£ L tz {4^7t' / <- X hSrfflV^iCkKJ: 
— ?aS*^Tfigt; 4- ►) , ^{i^c'SftHISrfi :) •- 

[0093] HSJ4. 7* 'J > MUR1R(cHRfc:tfi><t* 

[0094] RfKc^ $il£ J; 6 (c, T 'J > I- itl^ 1 
t4*'5x-xdtJf v-S^X— xtt 2^S0t:i ( C u ) 

ilT I > £ . Jl ^hSPiSMS^ 3 _h (20 1 T0M 3 * ffl V > 
TgjBJ3L^#{4^i^A*^ v^rSagiL/ci: --5. C u 

k&u&tz^±k<r>m -smtmix'h*) . ftmummT 

[ 0 0 9 5 ] &tz , H 9(4«^gPn a D^)lSwES^ ( 'J - 
K) tc-JK(c:fi : /I^S{4/v^ y *C±i3Lfc«Xrtf-& 

{4. «^g|5 0 n ni: LT^«s^S5SrW=^tfCV>£, 
[0096] P«a(C^$/L« J: o 5 
^flg^^ y^-— =--'6<50fDS{IJ: 9Cu , 42alloy,Covar ^tC 

^c7)ij— K 7±CH 1 TMMS^^xm.mLtz^l.tA, 
tzS<k i * v *90m L^tlo. C u RU'±I2 L ^--g-^r 
At i: «»^tt{4li»TA 0 , 'J - H 7 ± 

[0097] ±l£«0 4 ^ t , #?PJ|(cfS&t4A/i-££l4 

&tz#>. #m»§sa.5 y bmms. 1 izmm-z>m 

<izft&&8ti&?3 k'J-Vlk iimUiA^tzmfi-^ 
Z k tfX'Z . !IS^e*itt*fIJBtt&i*LL$-£&«r i: 

[ 0 0 9 S ] set-, H 1 0J4« J rlH5n D p<7)^«^7 1 i: 

shk Lx*mfcgiW9 zmizmfx^z. 

[0099] H0lc**ii*J:3t:. ^*^M9(4, 
^Sf*^ (H^'L^) ^r& : «KLfc*«l 3fc» ^<7) 
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mm 1 3<?)±.mz%m*i\*:®fi%'s-> y->i Abizx 
omtiLZti&^mtmmtib i onTmizm&Mt/az' 
> <> r l l Srffits L fcffiis > Six-c \ >-?:» , c MiJJZK 
>-r l l (±T'.J > hS« l 2 ±£Jfr£3ii£Bftg?)lK& 
CUXrtfftttSti*. ;W/«:Vi>7] 1 fcLT±IS 
Lfc«/C*5£± a: mt litf-MZWm L /c t tf> -r ffl i » 2» 
ifctc J: ':) . «3tt^£B1^6£fc$r<**{*36«9 
£ r 'J > bmM 1 2 (C 7 x A X/O >-,+: > -r -f y^i-ft 
-> Z\t tffl&t +£ h , m »T - ±12 L/c P b zr #W L 

[0100] *3>Bfl#{i. II 1 .7MH4 lz&«7jkVtcm 

mzmizis i >t . fi!><?>iii(£Wc*t l -c roww^^^ 

§ t *$tttnWt£-f * £ i: tcji @ L . ?) X '> lztt> 
[oioi] i^"C««t«ts^)a* t »«K:^#»-4tltffifc 

t±. muztm&mmmi -5. mstz&v&mMLms- 
2, H4 tztnfz>mnm4.-imT& h » */c. ftizftK 

fc0 1 7^04 tc^<r5nLVc^Sg*Wh«>v >T i> . 

*mm/mmiK&mmmz&i,>T sn. b i * s-tf 

[0102]*f. *&B#t**±I2<7)J: -) {cflU^HS^ 
(CW LT mf&M&tf9imziz& I >HM(5iJ/;'«^Sil 

[0 10 3] Kt. ##S9Ji&UL 8ut2L/ckPItS<7)# 
Jtfcfri&tcJ: *) S 11 . B i J: 9&*ttXJ?&&-?KKiJi £ 
«L fftX*^}BS.^L/c^±IB^^^LT.v> 

L T J&JMJ-Wfc fr ->/c , ftm*&t LX 
<i. ^Xjli^-Wffi(SEIKO INSTRUMENTS^ :SFT7355 *• 

fiiffl) t»»r5Xv«5t»3Bi-#fffi < 1 cp> &»m 

L/c, 

[0 104] #t^JfstC»#*««4L"C^&W 
»fiv.)fiK#Uu SntBi <7)ft-X*$) >0 . (§?3tc 
*> te^ALT^te^filo/^ 

[ 0 1 0 5 ] WJit^$^l<^^l4 

Wfcii, Sn, B i Sr*tr{i^*-^feSraSt:T«3t-r 
[0106)11 Hi. Kttfr^aJjftKS-a^SEKL 

jb. ±mamw&) ^m^tzmmm^ * 1 1 . t 
/c. ^mmxum&xt ix s n^tf^-oii^ 

— fe >- h , B i <7j-gqfT^#5S. Ottfiyt- t>l-«Sn- 

[0107] sic . ^mmiza^xu. xm&ftt ix 



/c, cct. if^JDttijfl5*t tz±mii/x,tz&&$:M 

-r-S-.^aTC^-g. (£ttM5-lHKIfeM5-3) , 'Jc 
iftkld(d^<5*4^«<Efc:5t«L fcf*. «B!**t:J: ') 
5$$iJ^j(c ( ^iH^S^ffiT'^^> (HttM5-4) , SEC tfe 
^k ttl^<f-&ASr«jBfc3t« I tz \k . «• A 

[ 0 1 0 S ] l&fi&toffifiias&fflfrthZ. ttzX ») . 
?§» L li /u/c -&A<0^aKS K *• Z>Zk ifiX* & 

* . let. e fl&fcarc: ts t »r u . aa^^K $-20 0 c 
(H{fepy5-i) . 1 00c (mnms-i) . 25-c (m 
mm 5 -3 > o=k 1 (c-iste l tz±.x-mm 1 & 
m uLtsz t izx 0 . m— cy&m^mzmm l^o^j 

jtfa*r^S^--|.||!^i^/c, 

[ 0 1 0 9 ] i/c . 01 1 izTjkZix&msm 

d . 3 mtrrtr ynvwitpt&fffi. l . iz*t ixmm 

[0 1 1 0] 01 2 (i.USe- f«J 5 -l«50--S-^>-7VUit^jt<7.) 
fr<?>mm£&X'fo *) . 01 4«i^iW5-3«^ty7^ 
rylHB»^^i«fi«-C*> 'X 01 6 t4|QtM5-5^# 

[0 1 1 1 ] i/C. 01 7(iHiS^j5-l^#-9">'7VHi? 

§l5BI«I^^T-p/c?^S-f*lX^0^LTtJ>). 01 S 
«Sat0< 5 -20^.-9- y7';i« Kts i »tTOiC« t 
jfii ^>r;P6e»>tfc:*r LT5l3fiS«iiSrfifo 
^0$r*LTfcO. 01 9(i||»fif?iJ5-3£7)#-9-y7*^ 

T8l?fi^H^fi : -- J /:Wtt-#t>|g0$:^LT*i 9 ^ 2 

0 auMwi 5 -w>&*r y 7'ji-mmmza <, »T T%fS tfk 
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